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Narrow band gap semiconductors
Negative resistance
Reverse bias
Deep levelsReverse-biased PbSnTe/PbTe double heterojunction diodes uniquely exhibit negative resistance. This
property is assumed to originate from point defects in the deep levels of the diode crystal structure.
 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).PbTe and PbSnTe double heterojunction diodes exhibit many
unique properties, and are used as narrow band energy gap
semiconductors, strong dielectric materials [1], superconductors
[2], and thermoelectric materials [3]. Previously, we investigated
their use as infrared light-emitting or detectable sensor devices,
laser diodes [4], and photodiodes [5].
This paper reports a unique result of PbSnTe/PbTe double hetero
(DH) p–n junction diodes. The Pb0.89Sn0.11Te/PbTe DH diode was
fabricated by the temperature difference method under controlled
vapor pressure liquid-phase epitaxy. The crystal growth and device
assembly are detailed in our previous work [4].
Fig. 1 (a) and (b) plot the normal PbSnTe DH diode
current–voltage (J–V) curve and the negative resistance
phenomenon J–V curve, respectively. Both curves were acquired
at 77 K. All of the fabricated devices contain negative-resistance-
type diode samples. The negative-resistance diodes distribute at
the edges of the epitaxially grown wafers. This unique
reverse-bias phenomenon was not observed in our previously
fabricated PbTe homojunction diodes [5,6].
Negative resistance in reverse bias can be explained by two
models. In the first model, carrier accommodation originates fromthe band- gap junction barrier, similar to a thyristor. In the second
model, it arises from deep levels of the p–n junction in reverse bias.
Carrier accommodation in the deep levels can be generated by
grain boundaries, metal precipitates and/or other imperfections
in the depletion region, which induce huge leakage current and a
switching effect. [7]
However, in stain-etched optical and SEM micrographs of the
cross-section of the PbSnTe/PbTe p–n junction, such defects were
not observed, even at the edges of the epitaxial wafers. Therefore,
we surmise that the negative-resistance phenomenon is sourced
from point defects in the deep levels.
The band-gap energy in forward-biased normal J–V curve-type
diodes was spontaneously released as infrared light. Although the
negative-resistance samples also emitted light in forward bias,
their output power was approximately 10% smaller than that of
normal diodes. This suggests that carrier recombination in the
diode is inhibited by deep levels or an energy barrier, thus reducing
light emission. Moreover, these negative-resistance diode chips
were distributed only on the edges of the epitaxially grown wafers,
suggesting that the impurities, defects or precipitates formed in
the deep levels became segregated there. Itoh et al. also reported
reverse-biased negative resistance in an InSb diode employed as
a narrow band gap semiconductor [8]. They similarly associated
the phenomenon with the deep levels in InSb.
From these results, we assume that the n-type region in the
deep levels originates from defects in the p-PbTe cladding layer
Fig. 1. Current–voltage curves of (a) normal and (b) negative resistance in Pb0.89-
Sn0.11Te/PbTe double heterojunction diodes at 77 K.
Fig. 2. Schematic showing the relative dimensions of the Pb0.89Sn0.11Te/PbTe
double heterojunction diode and the equivalent circuit of negative resistance mode.
42 A. Yasuda et al. / Results in Physics 6 (2016) 41–42or the p-type PbSnTe active layer. The relative diode dimensions
and equivalent circuit of the negative resistance mode are pre-
sented in Fig. 2. This model comprises a p–n–p transistor coupled
to an n–p–n transistor.
Although we have not clarified the source of this phenomenon,
we surmise that the negative resistance in reverse bias is generated
in the deep levels of the PbSnTe/PbTe junction.
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